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The Summer S tudy ,  c'oncerned w i t h  t h e  n e x t  5-?O 
y e a r s ,  is o p t i m i s t i c  abou t  t h e  b e n e f i t s  o b t a i n a b l e  from 
o r b i t a l  f l i g h t .  The p a r t i c i p a n t s  p o s t u l a t e  a s u b s t a n t i a l  
au tomated  program t o  o b t a i n  t h e s e  b e n e f i t s ;  t h e y  remark 
t h a t  t h e  u s e  of  manned v e h i c l e s  "does n o t  a t  p r e s e n t  a p p e a r  

" s t a n d  on i t s  own f e e t . "  
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However, t h i s  paper addresses a t i m e ,  10-15 y e a r s  
i n  t h e  f u t u r e ,  when t h e  manned R&D base i n c l u d e s  l a r g e  new 
c a p a b i l i t i e s .  The re  a r e  c o n t i n u o u s l y  manned s p a c e  s t a t i o n s  
i n  s e v e r a l  o r b i t s ,  i n c l u d i n g  n e a r - E a r t h  h i g h  i n c l i n a t i o n  and 
E a r t h  synchronous .  The re  a r e  c a p a b i l i t i e s  f o r  f r e q u e n t  low 
c o s t  t r a n s p o r t a t i o n ,  s h u t t l e  v e h i c l e s  w i t h  o r b i t  change 
c a p a b i l i t y ,  l a u n c h  and r e t r i e v a l  of  a u t o m a t i c  s a b e l l l t e s ,  
c e n t r i p e k a l  " g r a v i t y "  , and l a r g e  c a r g o  we igh t .  

We c a n  s e e  c o n s i d e r a b l e  u s e f u l n e s s  f o r  man i n  a 
l a r g e ,  c a p a b l e  s p a c e  s t a t i o n  a l o n g  w i t h  au tomated  s a t e l l i t e s  
a c c e l e r a t i n g  development ,  q u a l i f i c a t i o n ,  and shakedown, and 
e x t e n d i n g  t h e  l i f e  and improving t h e  per formance  of  o p e r a t i o n a l  
s y s t e m s .  
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PREFACE 

T h i s  document was i n i t i a l l y  prepared  as a s t a f f  
White p a p e r  f o r  t h e  STAC Winter  S tudy  on t h e  Uses o f  
Manned Space F l i g h t  1975-1985. I n  the  c o u r s e  of t h e  s t u d y ,  
p o r t i o n s  of s e c t i o n  I11 on t h e  "uses  o f  man" were c o n s o l i d a t e d  
w i t h  t h e  White Paper  on E a r t h  S c i e n c e s  and A p p l i c a t i o n s ,  
and w i l l  appear in t h e  appendix o f  t h e  STAC r e p o r t .  
R e s p o n s i b i l i t y  f o r  t h e  s t a t e m e n t s  made r e s t s  w i t h  t h e  a u t h o r s .  
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I .  I N T R O D U C T I O N  

I n  t h i s  p a p e r ,  under  t h e  a s sumpt ion  o f  a s u b s t a n t i a l  
manned ear th  o r b i t a l  program, w e  address t h e  u s e s  of  man and 
manned s p a c e  programs t o  s u p p o r t  " o p e r a t i o n a l "  E a r t h  a p p l i c a -  
t i o n s .  P o t e n t i a l  s p a c e  a p p l i c a t i o n s  have been i d e n t i f i e d  by 
NASA, a n d ,  r e c e n t l y ,  by t h e  NAS/NRC Summer S tudy  on Space 
A p p l i c a t i o n s ,  i n  t h e  f i e l d s  of  me teo ro logy ,  oceanography,  
E a r t h  r e s o u r c e s ,  geography,  geodesy ,  communicat ion,  nav iga -  
t i o n ,  and t r a f f i c  c o n t r o l .  

The Summer S tudy  i s  o p t i m i s t i c  abou t  t h e  bz i ie f i t s  
o b t a i n a b l e  f rom o r b i t a l  f l i g h t .  The p a r t i c i p a n t s  p o s t u l a t e  a 
s u b s t a n t i a l  au tomated  program t o  o b t a i n  t hese  b e n e f i t s ;  t h e y  
remark  t h a t  t h e  u s e  o f  manned v e h i c l e s  "does  n o t  a t  p r e s e n t  
a p p e a r  e c o n o m i c a l l y  d e s i r a b l e "  and u r g e  t h a t  t h e  manned p ro -  
gram " s t a n d  on i t s  own f e e t . "  

T h i s  recommendation i s  e n t i r e l y  p r o p e r .  I t  must ,  
however ,  be r e c o g n i z e d  t h a t  t h e  au tomated  program i s  " c o s t  ef-  
f e c t i v e "  because  i t  r e s t s  on a t e n - y e a r  h i s t o r y  o f  NASA and 
DOD r e s e a r c h  and development .  Launch v e h i c l e  deve lopment ,  
l a w c h  f a c i l i t i e s ,  and t r a c k i n g  and data a c q u i s i t i o n  f a c i l i -  
t i e s  are no t  cha rged  t o  a new automated  program. T h i s  p a p e r  
addresses a t i m e ,  t e n  years i n  t h e  f u t u r e ,  when t h e  R & D  base 
i n c l u d e s  some new c a p a b i l i t y  - low c o s t  t r a n s p o r t a t i o n  t o  or- 
b i t  - and t h e  h a r n e s s i n g  of t h e  Manned Space F l i g h t  c a p a b i l -  
i t y  deve loped  f o r  t h e  Apollo Program. T h i s  c a p a b i l i t y  i n c l u d e s  
r e a d i l y  a c c e s s i b l e ,  s p a c e  s t a t i o n s  i n  s e v e r a l  o r b i t s .  

C o n s i d e r i n g  c o s t - e f f e c t i v e  a p p l i c a t i o n s  f o r  f l i g h t  
t o d a y ,  i n  1968,  t h e  o n l y  r a t i o n a l  r o l e  - or b e t t e r ,  p o s i t i o n  - 
f o r  man i s  on t h e  ground,  p a r t i c i p a t i n g  i n  d e s i g n ,  deve lopment ,  
c o n t r o l ,  and a n a l y s i s  o f  data  from unmanned s a t e l l i t e s .  I n  
t h e  middle  t o  l a t e  ~ O ' S ,  g i v e n  t h e  ground r u l e s  o f  t h i s  s t u d y ,  
w e  c a n  see c o n s i d e r a b l e  u s e f u l n e s s  f o r  him i n  s p a c e ,  a c c e l e r a t -  
i n g  t h e  development  and i n c r e a s i n g  t h e  r e l i a b i l i t y  of  t h e  ap- 
p l i c a t i o n s .  
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Although we d i d  n o t  examine making E a r t h  a p p l i c a -  
t i o n s  o b s e r v a t i o n s  from a l u n a r  base i n  any d e t a i l ,  i t  i s  o u r  
p r e l i m i n a r y  c o n c l u s i o n  t h a t  l i t t l e ,  i f  any ,  a d d i t i o n a l  u t i l -  
i t y  would be g a i n e d  over  making such  o b s e r v a t i o n s  from E a r t h  
o r b i t i n g  s p a c e  s t a t i o n s  i n  geosynchronous  o r b i t s .  

The body of t h e  t e x t  i n c l u d e s ,  a f a i r l y  d e t a i l e d  
summary of  t h e  A p p l i c a t i o n s  worked on by t h e  Summer S t u d y ,  
a d i s c u s s i o n  of  " p o t e n t i a l  b e n e f i t s ' '  and a d i s c u s s i o n  of 
which a p p l i c a t i o n s  appea r  " c o n s i s t e n t "  w i t h  a manned program 
of  t h i s  s c o p e .  

11. PAST STUDIES ON THE ROLE OF MAN I N  EARTH APPLICATIONS: 
THE WINTER STUDY DIFFERS 

T h i s  s e c t i o n  r ev iews  p a s t  s t u d i e s  on t h e  u s e f u l n e s s  
A g e n e r a l  d i s c u s s i o n  i s  f o l l o w e d  by conc lu -  o f  man i n  s p a c e .  

s i o n s  o f  t h e  N A S / N R C  Summer S tudy  on Space  A p p l i c a t i o n s  and 
t h e  a s s u m p t i o n s  of the Winter  S tudy ;  t h e s e  l e a d  t o  t h e  
d i s t i n c t  c o n c l u s i o n s  o f  t h i s  w h i t e  p a p e r .  

A .  G e n e r a l  

There have been a number of  NASA and c o n t r a c t o r  
s t u d i e s  p a r t i a l l y  d i r e c t e d  a t  t h e  u s e  of manned v e h i c l e s  t o  
s u p p o r t  E a r t h  a p p l i c a t i o n s  (See  A - 2 ,  A - 5 ,  C - 1 ,  C-2, C - 7 ,  
D - 6 ,  D-7 and D - 8 ) .  

They c i t e  some c h a r a c t e r i s t i c  a d v a n t a g e s  a p p l i c a b l e  
t o  o p e r a t i o n s .  Inc luded  among these  a r e :  

1. 

2 .  

3 .  

4 .  

5 .  

Q u a l i t y  data a s s u r a n c e  t h r o u g h  t h e  c a p a b i l i t y  
f o r  c a l i b r a t i o n ,  m o d i f i c a t i o n ,  main tenance  and 
r e p a i r  i n  space ;  

F l e x i b i l i t y  of c o n t r o l ,  a d j u s t m e n t  and m o d i f i c a t i o n  
of  i n s t r u m e n t s  t o  match t h e  i n s t r u m e n t s  w i t h  t h e  
phenomena under o b s e r v a t i o n ;  

The a d v a n t a g e  of t h e  p r e s e n c e  of  man as an  
o b s e r v e r ;  

Greater c a p a b i l i t y  t o  c a r r y  c o r r e l a t i v e  and 
compara t ive  s e n s o r s ;  

R e t u r n  o f  h igh  q u a l i t y ,  ha rd  copy data .  
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Note t h a t  t h e  f i r s t  t h r e e  d e a l  w i t h  man,, p e r  se;  t h e  
l a s t  two deal  w i t h  n e c e s s a r y  p r o p e r t i e s  o f  manned s y s t e m s ,  
which c o u l d  be  r e a l i z e d  w i t h  au tomated  s a t e l l i t e s  as w e l l .  

Most of t h e s e  w i l l  be  d i s c u s s e d  f u r t h e r  i n  s e c t i o n s  
I11 and I V .  The advan tages  o f  h a r d  copy d a t a  a r e  summarized 
i n  Appendix A .  

S e v e r a l  r e f e r e n c e s  address t h e  a d v a n t a g e s  and d i s -  
a d v a n t a g e s  o f  man h imsel f  f o r  p e r f o r m i n g  u s e f u l  work i n  s p a c e  
(See  A - 3 ,  A - 1 1 ) .  It i s  c l e a r  t h a t  i n  any sys tem where most 
of t h e  s e n s i n g  i s  r o u t i n e  and r e p e t i t i v e ,  man s h o u l d  n o t  be 
a n  "on l i n e "  p a r t  o f  t h e  sys t em.  Good machines  make fewer 
s p o r a d i c  e r r o r s ,  pe r fo rm w e l l - d e f i n e d  o p e r a t i o n s  more p r e c i s e l y ,  
and a re  n o t  s u b j e c t  t o  "bad d a y s , "  i n d i g e s t i o n ,  or s l e e p .  

The Thompson r e p o r t  (A-2) summarizes t h i s  p o i n t  
a p t l y :  "Man's r o l e  i n  t h i s  program w i l l  add f l e x i b i l i t y  and 
r e l i a b i l i t y  t o  t h e  u s e  of c o m p l i c a t e d  i n s t r u m e n t s  and 
s e n s o r s  t h a t  are  automated t o  t h e  maximum d e g r e e  t h a t  t h e  
d e s i g n e r ' s  knowledge o f  r e q u i r e m e n t s  and h i s  i n g e n u i t y  
w i l l  p e r m i t .  

These r e f e r e n c e s  c o v e r  t h e  g e n e r a l i z e d  " u s e f u l n e s s "  
of  man. A more p e r t i n e n t  q u e s t i o n  may b e ,  f o r  a g i v e n  set  o f  
p l anned  accompl i shmen t s ,  i s  a p a r t i c u l a r  manned sys tem des i r -  
a b l e ?  For n e a r  term o p e r a t i o n a l  E a r t h  a p p l i c a t i o n s  and t h e  
Apol lo  A p p l i c a t i o n s  Program ( A A P ) ,  t h e  nex t  s e c t i o n  s u g g e s t s  
t h e  answer i s  no .  

( A - 1 )  B .  Summer S tudy  on Space A p p l i c a t i o n s  

T h i s  s t u d y ,  made by t h e  N a t i o n a l  Academy of  S c i e n c e s  - 
N a t i o n a l  Resea rch  Counci l  f o r  NASA, i s  t h e  most comple te  and 
a u t h o r i t a t i v e  s t u d y  o f  p o t e n t i a l  a p p l i c a t i o n s  o f  E a r t h  
o r i e n t e d  s a t e l l i t e s .  It w i l l  be summarized i n  S e c t i o n  V .  
D e a l i n g  g e n e r a l l y  w i t h  t h e  nex t  s i x  y e a r s ,  t h e  s t u d y  i d e n t i f i e s  
" r e a l i s t i c "  s p a c e  a p p l i c a t i o n s  and p o s t u l a t e s  f e a s i b l e  a u t o -  
mated sys t ems  f o r  accompl i sh ing  them. The a l t e r n a t e ,  manned 
program i s  presumably t h e  A A P .  

With r e g a r d  t o  t h e  manned program t h e y  s t a t e :  

"We b e l i e v e  t h a t  t h e  manned program has p r o v i d e d  
t e c h n o l o g i c a l  developments  o f  impor t ance  t o  many 
a s p e c t s  of  s p a c e  f l i g h t  and t h e  u s e  of  s p a c e .  It 
i s  e x p e c t e d  t h a t  t h i s  w i l l  c o n t i n u e .  I n  p a r t i c u l a r ,  
t h e  l a r g e  b o o s t e r  program, t a i l o r e d  t o  t h e  r e q u i r e -  
ments  of p a r t i c u l a r  ea r th  o r b i t s ,  w i l l  f i n d  a p p l i -  
c a t i o n s  i n  t h e  o r b i t i n g  of  heavy p a y l o a d s  f o r  a 
v a r i e t y  of pu rposes .  A d d i t i o n a l l y ,  t h i s  program 
w i l l  p r o v i d e  s i g n i f i c a n t  o p p o r t u n i t i e s  t o  t e s t  sen-  
sors and t o  p r o v e  ou t  t e c h n i q u e s  u s e f u l  t o  
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a p p l i c a t i o n s  and c o n s i d e r e d  by t h i s  S t u d y .  However, 
t h e  u s e  o f  manned u e h i e Z e s  per s e  d o e s  n o t  a t  p r e s e n t  
a p p e a r  n e c e s s a r y  o r  e c o n o m i c a Z Z y d e s i r a b Z e  f o r  t h e  
o p e r a t i o n  o f  t h e  v a r i o t t s  s p a c e - a p p Z i c a t i o n s  s y s t e m s  
c o n s i d e r e d  by t h i s  S t u d y .  We b e Z i e v e  t h a t  t h e  
s y s t e m s  p r o p o s e d  f o r  p r o v i d i n g  n e a r - t e r m  p r a c t i c a l  
and economicaZ b e n e f i t s  t o  t h e  U n i t e d  S t a t e s  p u b Z i c  
and t o  mankind g e n e r a l Z y  w i Z 1  be  a c h i e v e d  more 
e f f e c t i v e l y  and e c o n o m i c a l l y  w i t h  a u t o m a t e d  d e v i c e s  
and v e h i c l e s .  * 
"We recommend, t h e r e f o r e ,  t h a t  t hese  programs,  manned 
and  unmanned, b e  e v a l u a t e d  i n d e p e n d e n t l y ,  i . e . ,  each  
s h o u l d  s t a n d  main ly  on i t s  own f e e t . "  

C .  The Win te r  S tudy  G u i d e l i n e s  

STAC has been a sked  t o  c o n s i d e r  t h e  u s e f u l n e s s  of  
manned s p a c e  f l i g h t  i n  v a r i o u s  d i s c i p l i n e s ,  g i v e n  a s u b s t a n -  
t i a l  manned program. The t i m e  i s  t h e  m i d  7 0 ' s  t o  t h e  m i d  
8 0 % .  I n  c o n t r a s t  w i t h  t h e  l i m i t e d  A A P  f l i g h t s ,  t h e r e  a r e  
Con t inuous ly  manned space  s t a t i o n s  i n  s e v e r a l  o r b i t s ,  i n c l u d i n g  
n e a r - e a r t h  l i igh i n c l i n a t i o n  and e a r t h  synchronous .  'l'rar,s- 
p o r t a t i o n  of p e r s o n n e l  and mater ia l s  to t h e  s t a t i o n  i s  

A s  n o t e d ,  t h e  Summer S tudy  f i n d i n g s  are  based on a 
program f o r  t h e  n e x t  s i x  y e a r s ,  t h e  t i m e  s c a l e  o f  t h e  Apo l lo  
A p p l i c a t i o n s  Program ( A A P ) .  The d i s a d v a n t a g e  o f  t h i s  manned 
program were s t a t ed  i n  t h i s  Summer's Space  A p p l i c a t i o n s  Pro- 
gram Memorandum ( C - 2 )  and a r e  summarized h e r e .  

1. 

2. 

3 .  

4 .  

"Man i n  space"  i s  still i n  r e l a t i v e l y  e a r l y  
s t a g e s  o f  development ,  and so  d e d i c a t e d  manned 
f l i g h t s  f o r  a p p l i c a t i o n s  a r e  p r e m a t u r e .  

Manned f l i g h t  o r b i t a l  i n c l i n a t i o n s  are  s o  con- 
s t r a i n e d  by  s a f e t y  c o n s i d e r a t i o n s  t h a t  t h e  re -  
q u i r e d  h i g h  i n c l i n a t i o n s  are  n o t  p o s s i b l e .  

O p e r a t i o n a l  sys tems w i l l  be  au tomated;  t h e r e f o r e ,  
development  f l i g h t s  s h o u l d  b e  au tomated .  

Unmanned f l i g h t s  have a d e f i n i t e  c o s t  a d v a n t a g e .  

For AAP, t h e r e  can  b e  l i t t l e  argument w i t h  t h e  f i r s t  
two p o i n t s .  
and of t h e  Program Memorandum are  open t o  r e c o n s i d e r a t i o n  when, 
as i n  t h i s  s t u d y ,  a l a t e r  t i m e  and a r a d i c a l l y  d i f f e r e n t  manned 
program are  c o n s i d e r e d .  

These and o t h e r  c o n c l u s i o n s  of t h e  Summer S tudy  

* I t a l i c s  o u r s .  
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f r e q u e n t  ( e v e r y  f e w  weeks) and v e r y  low i n  cost--$lO t o  $50  
a pound. S h u t t l e  v e h i c l e s  w i t h  a s u b s t a n t i a l  o r b i t - c h a n g e  
c a p a b i l i t y  a re  a v a i l a b l e .  Automated s a t e l l i t e s  may b e  
l aunched  i n t o  and r e t r i e v e d  from a v a r i e t y  of  o r b i t s .  
C e n t r i p e t a l  " g r a v i t y "  i s  a v a i l a b l e  as needed ,  and c a r g o  
weight  can  be v e r y  la:-ge. 

T h i s  Win te r  Study program i s  a t  l ea s t  g r o s s l y  
p r a c t i c a l .  I t  r e p r e s e n t s  a n a t i o n a l  Resea rch  and Development 
i n v e s t m e n t  n o t  o u t  of l i n e  w i t h  N A S A ' s  p r e v i o u s  budget  h i s t o r y .  
STAC i s  a sked  t o  c o n s i d e r ,  t h e n ,  how u s e f u l  such  a c a p a b i l i t y  
would b e .  F o r  E a r t h  A p p l i c a t i o n s ,  t h e  major  sho r t comings  
of AAP a re  removed. I t  a p p e a r s ,  as developed  i n  t h e  nex t  
two s e c t i o n s ,  t h a t  t h e r e  i s  s u b s t a n t i a l  u s e f u l n e s s .  

111. OPPORTUNITIES OFFERED BY THE WINTER STUDY PROGRAM: EX- 
TENDED ROLES FOR MAN 

A .  General--The Space Systems 

I n  1968 ,  t h e  men on t h e  ground are  e f f e c t i v e  t h r o u g h  
t h e  r e s e a r c h  and development i n v e s t m e n t s  of  t h e  prczzding ten 
or more y e a r s .  They work w i t h  manufac tu r ing  f a c i l i t i e s ,  t e s t  
f a c i l i t i e s ,  t h e  l a u n c h  complexes,  and t h e  t r a c k i n g  ne tworks .  
A l l  o f  these  f o c u s  on r e l a t i v e l y  small au tomated  s a t e l l i t e s .  

For t h e  Winter  S t u d y ,  t hese  f a c i l i t i e s  a re  assumed 
augmented by a n  a d d i t i o n a l  r e s e a r c h  and development i n v e s t m e n t ,  
which i n c l u d e s  t h e  s p a c e  s t a t i o n s  and a h i g h l y  competent  t r a n s -  
p o r t a t i o n  sys t em.  A v a r i e t y  o f  a c t i v i t i e s  i s  c a r r i e d  on- -e .g . ,  
t h e  s t a t i o n . a r e  m u l t i - d i s c i p l i n a r y - - a n d  crew t i m e  i s  a v a i l a b l e  
t o  an  a r b i t r a r y  d e g r e e .  One may p o s t u l a t e  a few man-hours p e r  
week, or a r e a s o n a b l e  number of  f u l l  t ime s p e c i a l i s t s .  The  
E a r t h  A p p l i c a t i o n s  o b s e r v a t i o n s  a r e  made i n  pa r t  by au tomated  
s a t e l l i t e s  and i n  p a r t  by  on-board i n s t r u m e n t s .  The f o l l o w i n g  
s e c t i o n s  dea l  w i t h  t h e  man's i n t e r a c t i o n s  w i t h  on-board 
i n s t r u m e n t s  and w i t h  au tomated  s a t e l l i t e s  i f  a c c e s s i b l e  t o  
t h e  crew. 

B.  E x p l o r a t o r y  Development 

The s c i e n t i f i c  e x p l o r a t i o n  o f  t h e  E a r t h  from s p a c e  
w i l l  s t i m u l a t e  p o t e n t i a l  u s e r s  t o  c o n c e i v e  " o p e r a t i o n a l  a p p l i -  
c a t i o n s . "  A p a r t i c u l a r  user w i l l  p u r s u e  "proof  of  concep t  ." 
For t h i s ,  he r e q u i r e s  sample d a t a .  These da ta  may b e  a v a i l -  
a b l e  from a r c h i v e s .  If a r c h i v a l  da ta  a re  i n a d e q u a t e ,  a n  
11 e x p l o r a t o r y  expe r imen t "  would be per formed i n  t h e  t e r r e s t r i a l  
c a s e .  A v a i l a b l e  equipment would be u s e d .  The Win te r  S tudy  
p o s t u l a t e s  a f l e x i b l e  E a r t h  S c i e n c e s  l a b o r a t o r y  i n  o r b i t  w i t h  
an E a r t h  s c i e n t i s t  g e n e r a l l y  i n  r e s i d e n c e .  T h i s  f a c i l i t y ,  
w i t h  t h e  o p e r a t o r  If r e q u i r e d ,  i s  c e r t a i n l y  a v a i l a b l e  f o r  
"proof  of concep t "  d a t a ,  a t  some r e a s o n a b l e  i n c r e m e n t a l  c o s t .  
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C .  Development Phase 

The p o t e n t i a l  a p p l i c a t i o n  c o u l d  i n v o l v e  new s o f t -  
ware f o r  a n  e x i s t i n g  i n s t r u m e n t  ( f o r  i n s t a n c e ,  a m e t r i c  camera 
or s c a n n i n g  s p e c t r o m e t e r ) ,  t h e  development of a new i n s t r u -  
ment or of  a n  au tomated  s a t e l l i t e .  Development can  p roceed  
w i t h o u t  immediate t e s t s .  However, i n  t h e  e a r l y  p h a s e s ,  many 
d e s i g n  c h o i c e s  a re  open which can  be  r e s o l v e d  e m p i r i c a l l y ,  
u s i n g  a working breadboard  on t h e  s t a t i o n .  The c o g n i z a n t  
e n g i n e e r  c o u l d  pe r fo rm not y e t  au tomated  f u n c t i o n s  manual ly  
a n a l y z e  and d i s c u s s  t h e  da ta  w i t h  h i s  c o h o r t s  on t h e  g round ,  
and make m o d i f i c a t i o n s  i n  s i t u .  -- 

A s  t h e  d a t a  approach " o p e r a t i o n a l "  q u a l i t y , t h e y  may 
be  u s e f u l  i n  t e s t i n g  t h e  ground p o r t i o n  of  t he  sys tem--e .g . ,  
t h e  way i n  which c r o p  d a t a  are  d i s t r i b u t e d  t o  farmers. 

I n  t h e  advanced p h a s e s  o f  development t h e r e  may b e  
a d v a n t a g e s  i n  pe r fo rming  q u a l i f i c a t i o n  t e s t s  and e n g i n e e r i n g  
shakedown i n  s p a c e .  Thermal vacuum chambers and s o l a r  
s i m u l a t o r s  a re  expens ive  and i m p e r f e c t  t e s t s .  D i r e c t  t e s t s  i n  
s p a c e  are  l e s s  c o n t r o l l e d  ( e . g . ,  e a r th  o c c u l t a t i o n )  b u t  w i t h -  
o u t  doubt  r e a l i s t i c .  

Shakedown i n v o l v e s  o p e r a t i o n  of  t h e  f i n a l  d e v i c e ;  
on ea r th  i t  i s  customary t o  have a c o n t i n u i n g  c a p a b i l i t y  f o r  
f i n a l  tweak ing ,  t u n i n g ,  c h e c k o u t ,  and l a s t  minu te  changes .  
If d i f f i c u l t i e s  a r i s e  with which t h e  a s t r o n a u t  canno t  dea l ,  
t h e  d e v i c e  can  be r e t u r n e d  t o  E a r t h  f o r  f u r t h e r  work. Devel- 
opment c o s t s  f o r  automated s a t e l l i t e s  have r u n  $32,00O/pound 
i n  t h e  p a s t ;  even  w i t h  a c o n s i d e r a b l e  r e d u c t i o n  i n  t h i s  f i g u r e ,  
low c o s t  ( $ l O - $ 5 O  a pound) t r a n s p o r t a t i o n  p e r m i t s  a number of 
t r i p s  t o  o r b i t  and back .  

Use o f  man i n  t h e  development phase  w i l l  be  " p r a c t i c a l "  
i f  development  t i m e  can  be  s i g n i f i c a n t l y  s h o r t e n e d .  We 
p o s t u l a t e  t h a t  t h e  c a p a b i l i t y  t o  make r e a l  t i m e  a d j u s t m e n t s  
w i t h  a r e l a t i v e l y  q u i c k  " f e e d  back" of t h e  r e s u l t s  w i l l  i n v o l v e  
much fewer man hour's and a r educed  development t i m e  s c a l e  as 
compared t o  a n  i t e r a t i v e  development  p r o c e s s  i n v o l v i n g  s e q u e n t i a l  
f l i g h t s  a t  r e l a t i v e l y  long i n t e r v a l s  ( Q  one y e a r )  w i t h  e a c h  
f l i g h t  r e q u i r i n g  many s u p p o r t i n g  man h o u r s .  

The man i n v o l v e d  i n  t h i s  development a c t i v i t y  under -  
s t a n d s  b o t h  h i s  d i s c i p l i n e s  and h i s  equipment .  H e  has a f l a i r  
f o r  u n u s u a l  o c c u p a t i o n s .  Pe rhaps  t h e  oceanographe r  who s a i l s  
f o r  Woods Hole Oceanographic  or S c r i p p s  i s  c l o s e l y  r e l a t ed .  
One would e x p e c t  t o  f i n d  him a v e r s a t i l e ,  v e r y  i n t e r e s t i n g  
k i n d  of c h a r a c t e r .  
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D .  O p e r a t i o n a l  Phase  - Automated Systems 

The a p p l i c a t i o n s  d e s c r i b e d  by t h e  Summer S tudy  (see 
S e c t i o n  V) are  f a i r l y  c u t  and d r i e d  once t h e y  r e a c h  t h e  
o p e r a t i o n a l  p h a s e .  P rocedures  are  w e l l  d e f i n e d ,  and i t  would 
be  f o o l i s h  n o t  t o  au tomate  t h e i r  nominal  o p e r a t i o n s .  There 
i s  a d e s i g n  f reedom,  u s i n g  t h e  man, t o  pe r fo rm o f f -nomina l  
o p e r a t i o n s  ( e . g . ,  i n i t i a l  d e p l o y m e n t ) ,  and t o  r e spond  t o  
c o n t i n g e n c i e s  ( r e p a i r ) .  T h i s  k i n d  o f  man-instrument  i n t e r -  
a c t i o n  i s  cove red  i n  S e c t i o n  I V .  The man i s  i n v o l v e d  w i t h  
a g i v e n  i n s t r u m e n t  o n l y  r a r e l y ,  and he  f u n c t i o n s  as a 
r e a s o n a b l y  c r e a t i v e  t e c h n i c i a n .  

E .  O p e r a t i o n a l  Phase  - Manned Systems 

I n  a d d i t i o n  t o  p r o v i d i n g  da t a  a s s u r a n c e  by p r o v i d i n g  
s u p p o r t  t o  s e n s i n g  systems which a re  nomina l ly  au tomated ,  t h e  
manned s t a t i o n  can ,  w i t h  some s p e c i a l i z e d  equipment ,  l e n d  i t- 
s e l f  t o  c e r t a i n  a p p l i c a t i o n s  f o r  which an  au tomated  s e n s i n g  
sys t em would be  l e s s  p r a c t i c a l .  These a p p l i c a t i o n s  a r e  
a s s o c i a t e d  w i t h  c e r t a i n  e a r t h  phenomena or e v e n t s  which a re  
u n u s u a l ,  or of  small  e x t e n t  i n  time and s p a c e .  E i t h e r  t h r o u g h  
v e r s a t i l e  c o n t r o l  of high  pe r fo rmance  i n s t r u m e n t s  cr 2 s  a n  
o b s e r v e r  man can  accompl ish  c o n c e n t r a t e d ,  n o n - r o u t i n e  s e n s i n g  
of  t h i s  t y p e  of  phenomena. S p e c i f i c  examples  i n c l u d e  s t o r m s ,  
i n c i p i e n t  s t o r m s ,  f r o n t a l  z o n e s ,  and j e t  stream zones  i n  
me teo ro logy ;  i c e b e r g  a r e a s ,  s t o r m s ,  f i s h  s c h o o l s ,  and red 
t i d e s  i n  oceanography;  f i res ,  f i r e  damage and s t o r m  induced  
changes  i m  geography;  and a l s o  f l o o d s ,  a c u t e  a i r  and water 
p o l l u t i o n ;  and l a r g e  s c a l e  c a r t o g r a p h i c  and t h e m a t i c  mapping. 

T h i s  i n t e n s i f i e d  s e n s i n g  would be  done as a re -  
s u l t  o f  a s t r o n a u t  o b s e r v a t i o n  i n  some c a s e s  b u t  more l i k e l y  
b a s e d  on i n f o r m a t i o n  from ground c o n t r o l .  

I n  o r d e r  t o  make t h i s  t y p e  of  c o n t i n g e n c y  obse rva -  
t i o n ,  i t  i s  of c o u r s e  n e c e s s a r y  f o r  t h e  o b s e r v i n g  p l a t f o r m  
t o  be  i n  t h e  r i g h t  p l a c e  a t  t h e  r i g h t  t i m e .  T h i s  i s  a re la-  
t i v e l y  minor  proble'm f o r  s t a t i o n s  i n  geosynchronous  o r b i t ;  
a t  t h e s e  a l t i t u d e s  h i g h  r e s o l u t i o n  s e n s i n g  i s  d i f f i c u l t  b u t  
f e a s i b l e .  I n  t h e  c o u r s e  o f  t h e  Win te r  S t u d y ,  t h e r e  was 
s e r i o u s  d i s c u s s i o n  of  a 1 2 0 "  t e l e s c o p e  f o r  E a r t h  o b s e r v a t i o n .  
I n  p o l a r  o r b i t  a s a t e l l i t e  p a s s e s  o v e r  a g i v e n  low l a t i t u d e  
t a rge t  a t  most t w i c e  a day. 

F .  C o n c l u s i o n s  

Given t h e  Winter  S tudy  program i t  a p p e a r s  t h a t  t h e  
development  programs l e a d i n g  t o  o p e r a t i o n a l  a p p l i c a t i o n s  c o u l d  
be  speeded ,  u s i n g  t h e  space  s t a t i o n  f a c i l i t i e s ,  The re  may, 
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f u r t h e r ,  b e  some r e a l  b e n e f i t s  t o  b e  r e a p e d  from t ,he  o c c a s i o n a l  
u s e  of t h e  m u l t i - i n s t r u m e n t  manned l a b o r a t o r y  f o r  c e r t a i n  
s p e c i a l  tasks.  Most " o p e r a t i o n s , "  however,  a r e  c u t  and 
d r i e d ;  t h e y  w i l l  b e  automated whether  accommodated on t h e  
manned s p a c e c r a f t  o r  n o t .  The n e x t  s e c t i o n  dea ls  w i t h  t h e s e  
i n s t r u m e n t s .  I t  a p p e a r s  t o  t h e  a u t h o r s  t h a t  p r o v i d e d  i n s t r u -  
ment r e q u i r e m e n t s  ( o r b i t  i n c l i n a t i o n ,  e t c . )  are  m e t  t h e r e  may 
be r e a l  a d v a n t a g e s  i n  e a s e  of d e s i g n  and i n c r e m e n t a l  c o s t  i n  
b u i l d i n g  t h e s e  automated i n s t r u m e n t s  t o  work w i t h  men, on 
boa rd  t h e  s p a c e  s t a t i o n s  o f  t h e  Winter  Study Program. 

I V .  IMPACT OF THE WINTER STUDY PROGRAM ON OPERATIONAL EARTH 
APPLICATIONS: INSTRUMENT DESIGN, EFFECTIVENESS, AND COST 

C o n s i d e r i n g  a p a r t i c u l a r  t a s k ,  a r e  t h e r e  ways t o  
a c h i e v e  i t  which a r e  s i m p l e r ,  more e f f e c t i v e ,  or c h e a p e r  on a 
manned s p a c e  s t a t i o n ,  o r  on a n  au tomated  s p a c e  c r a f t  l aunched  
from and r e t r i e v a b l e  by t h e  s t a t i o n ?  I n  a t t a c k i n g  t h i s  ques-  
t i o n ,  w e  i d e n t i f y  some d i f f i c u l t  r e q u i r e m e n t s  which t h e  s t a t i o n  
must meet; w e  a l s o  i s o l a t e  ways i n  which t h e  man can  f r u i t -  
f u l l y  i n t e r a c t  w i t h  t h e  a p p a r a t u s ;  t h e  f i r s t  t h r e e  s u b - s e c t i o n s  
d e a l  w i t h  c o s t  and s i z e .  

A .  Use o f  I n c r e m e n t a l  Cos t s  

Based on p a s t  e x p e r i e n c e  R & D  c o s t s  w i l l  n o t  b e  
c h a r g e d  t o  t h e  u s e r .  The i n c r e m e n t a l  c o s t  o f  s e r v i n g  a u s e r  
w i l l  b e  cha rged  t o  t h e  user  p l u s  some share  o f  t h e  c o s t  o f  t h e  
s t a t i o n .  A s  a manned s t a t i o n  w i l l  have m u l t i p l e  o b j e c t i v e s  
t h e  mer i t  of  which a r e  d i f f i c u l t  t o  compare q u a n t i t a t i v e l y ,  
a n  a p p l i c a t i o n  u s e r s  s h a r e  of t h e  c o s t  of t h e  b a s i c  s t a t i o n  
canno t  be  e s t i m a t e d ,  be ing  a mat ter  of broad  p o l i c y .  
" I n e x p e n s i v e ,  unmanned s p a c e c r a f t "  a re  i n e x p e n s i v e  l a r g e l y  
b e c a u s e  t h e y  u s e  f a c i l i t i e s  r e s u l t i n g  f r o n  NASA and DOD 
Resea rch  and Development f u n d s  o v e r  t h e  l a s t  t e n  y e a r s .  
The Win te r  S tudy  Space  Program p r o v i d e s  p r e c i s e l y  ana logous  
f a c i l i t i e s ,  p a i d  f o r  b y  Resea rch  and Development o v e r  t h e  
n e x t  t e n  y e a r s .  T a b l e  IV-A makes t h e  "unmanned s p a c e c r a f t "  
p o i n t .  

TABLE I V - A  

C O S T S  OF AUTOMATED SPACECRAFT 

DEVELOPMENT O P E  RAT I O N S  

INSTRUMENT DEVELOPMENT U N I T  C O S T S  
DATA A N A L Y S I S  DEVELOPMENT U N I T  C O S T S  
SPACECRAFT I N T E G R A T I O N  U N I T  C O S T S  
S P A C E C R A F T  DEVELOPMENT U N I T  C O S T S  
(NO LAUNCH V E H I C L E  R&D) LAUNCH V E H I C L E  U N I T  C O S T S  
(NO LAUNCH COMPLEX R&D) LAUNCH O P E R A T I O N S  U N I T  C O S T S  
(NO TRACKING AND DATA R&D)  TRACKING AND DATA A C Q U I S I T I O N  ( ? )  
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We would expec t  t h e  " v e n t u r e  c a p i t a l "  r e . q u i r e d  f o r  
an  i n s t r u m e n t  on a manned s t a t i o n  t o  f a l l  under  t h e  same 
l i n e  i tems enumerated above.  
might  be r e f e r r e d  t o  a p r o - r a t e d  share o f  t h e  E a r t h  l o o k i n g  
module.  

" S p a c e c r a f t  development"  

B.  Low Cost T r a n s p o r t a t i o n  

The l a u n c h  c o s t s  cha?P;eable to a g i v e n  package of  
i n s t r u m e n t s  w i l l  b e  lower t h a n  t h o s e  u s i n g  c o n v e n t i o n a l  
l a u n c h  v e h i c l e s .  The g u i d e l i n e s  d e s c r i b e  a r e l i a b l e ,  r e u s a b l e  
manned t r a n s p o r t a t i o n  s y s t e m ;  t h e  c o s t  o f  l i f t i n g  d i s c r e t i o n a r y  
p a y l o a d  t o  low E a r t h  o r b i t  i s  $10-50 a pound. S i n c e  
c o n v e n t i o n a l  v e h i c l e  c o s t s  t o  low e a r t h  o r b i t  a re  a l r e a d y  
q u i t e  modest ($2000-$4000/pound) r e l a t i v e  t o  pay load  c o s t s  
($32,00O/pound) ,  t h i s  p o i n t  will b e  o f  impor t ance  main ly  i n  
r e l a t i o n  w i t h  t h e  f o l l o w i n g  p a r a g r a p h s .  

It i s  s i g n i f i c a n t  t h a t  t h e  t o t a l  l a u n c h  c o s t s  o f  
such  a r e u s a b l e  l a u n c h  v e h i c l e  (2 -5  m i l l i o n  d o l l a r s )  may b e  
comparable  w i t h  t h o s e  of c o n v e n t i o n a l  smaller  l a u n c h  v e h i c l e s .  
Thus,  t h e  manned l a u n c h  or r e t r i e v a l  n f  a small p a y l o a d  
s u c h  as a n  i n d i v i d u a l  s a t e l l i t e  i s  n o t  u n r e a s o n a b l e .  

C .  E f f e c t i v e n e s s :  Module S i z e  

An E a r t h - l o o k i n g  module , o n  a manned s p a c e c r a f t  or 
o c c a s i o n a l l y  t e n d e d  by man, w i l l  b e  l a rge r  and more complex 
t h a n  t h e  a v e r a g e  unmanned s p a c e c r a f t .  

The l a r g e  s y s t e m  can  accumula t e  many i n s t r u m e n t s  
employing e a c h  b a s i c  s e n s i n g  t e c h n i q u e .  For example,  i n  
i n f r a r e d  imagery  t h e  l i m i t e d  c a p a c i t i e s  o f  a smaller sys t em 
may d i c t a t e  t h a t  one i n s t r u m e n t  be f lown and t h e  most u s e f u l  
s p a t i a l  r e s o l u t i o n  b e  200  f e e t .  The l a r g e r  sys tem can  p r o v i d e  
c a p a b i l i t y  t o  t ake  such imagery a t  o t h e r  s p a t i a l  r e s o l u t i o n s  
which w i l l  b e t t e r  s a t i s f y  t h e  r e q u i r e m e n t s  of  p a r t i c u l a r  
u s e r s .  The r e q u i r e d  v e r s a t i l e  i n s t r u m e n t  c o n t r o l  i s  p r o v i d e d  
on a manned s t a t i o n .  With such  a b a s i c  s t a b l e  of  i n s t r u m e n t s  
t h e  a v e r a g e  " a p p l i c a t i o n "  may be  accompl ished  by " lease"  o f  
e x i s t i n g  a p p a r a t u s ,  r a t h e r  t h a n  by t h e  development of  new 
d e v i c e s .  

It i s  of c o u r s e  e s s e n t i a l  t h a t  t h e  l a r g e  s p a c e  
p l a t f o r m s  be d e s i g n e d  t o  a v o i d  e x c e s s i v e  exper iment  i n t e g r a t i o n  
c o s t s .  If t h e  " u s e r "  has  a c l e a n ,  s t a n d a r d  i n t e r f a c e  t o  
d e s i g n  t o ,  h i s  i n t e g r a t i o n  c o s t s  s h o u l d  be similar t o  or lower  
t h a n  t h o s e  he i n c u r s  i n  u s i n g  a smaller au tomated  s a t e l l i t e .  

A d i s a d v a n t a g e  o f  t h e  l a r g e ,  m u l t i - p u r p o s e  v e h i c l e  
i s  "one-shot  l o s s . "  That i s ,  many i n s t r u m e n t s  a re  l o s t  when 
a s p a c e c r a f t  sys t em f a i l s .  The p r o v i s i o n  o f  manned r e p a i r  
c a p a b i l i t y  seems l i k e l y  t o  t i p  t h e  b a l a n c e  f u r t h e r  t owards  
l a r g e r  sys t ems .  
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D .  R e l i a b i l i t y  and Maintenance 

The p r i n c i p a l  a l t e r n a t e s  t o  r epa i r  a r e  r edundan t  
sys t ems  and o u t r i g h t  rep lacement  of  t h e  v e h i c l e  by a 
"Chinese  copy."  
p r e v e n t e d  by redundancy ,  as i n d i c a t e d  by the  loss of  O A O - 1 .  

Not a l l  f a i l u r e s  can  be a n t i c i p a t e d  and 

For i n d i v i d u a l  a p p l i c a t i o n s ,  r e p a i r  i s  economica l ly  
more i m p o r t a n t  as expec ted  i n s t r u m e n t  l i f e t imes  become l a r g e ,  
because  t h e  " s p a r e "  becomes a l a r g e r  p e r c e n t a g e  o f  t h e  t o t a l  
c o s t .  A s p a r e  v e h i c l e  h a r d l y  shows i n  a f i v e  y e a r ,  f i v e  sat-  
e l l i t e  program b u t  i s  impor t an t  i n  a f i v e  y e a r ,  one s a t e l l i t e  
program. R e p a i r  a l s o  becomes i m p o r t a n t  as t h e  r ep lacemen t  
c o s t  o f  t h e  r e p a i r a b l e  i t e m  becomes l a r g e .  

The i n s t r u m e n t s  and sys t ems  must b e  d e s i g n e d  f o r  
r e p a i r .  For c r i t i c a l  space  s t a t i o n  s y s t e m s ,  s p a r e  p a r t s  and 
d i a g n o s t i c  i n f o r m a t i o n  must be on-board.  For l e s s  c r i t i c a l  
i t e m s ,  and f o r  automated s a t e l l i t e s  t h e  low c o s t  t r a n s p o r t a t i o n  
sys t em a l l o w s  r e p a i r  p a r t s  or even a t r a i n e d  r e p a i r  c r e w  to 
be  s e n t  up ,  i f  d e s i r a b l e .  

E .  I n s t r u m e n t  Des ign  

Des ign  f o r  manned f l i g h t  may p e r m i t  a somewhat s i m p l e r  
i m p l e m e n t a t i o n .  The crew can  unpackage and dep loy  a n  i n s t r u m e n t  
(or a n  au tomated  s a t e l l i t e  p r i o r  t o  l a u n c h ) .  T h i s  s i m p l i f i e s  
mechan ica l  d e s i g n .  Las t  minu te  checks  of  c a l i b r a t i o n  and a l i g n -  
ment r e l a x  t h e  r equ i r emen t  t h a t  a d j u s t m e n t s  s u r v i v e  l a u n c h .  
S i m p l i f i c a t i o n s  o f  t h i s  n a t u r e  may r e d u c e  t h e  c o s t  of a n  i n -  
s t r u m e n t .  

For a g i v e n  a p p l i c a t i o n ,  t h e  " n a t u r a l  implementa- 
t i o n "  may d i f f e r ,  i f  f lown on a manned s p a c e c r a f t .  It Kay 
for i n s t a n c e  i n v o l v e  t h e  r e t u r n  of f i l m  r a t h e r  t h a n  t e l e m e t r y ,  
where t h i s  c h o i c e  i s  o t h e r w i s e  f r e e  i n  i n s t r u m e n t  d e s i g n . *  

F. Conc lus ions  

I f  t h e  p r i n c i p a l  c h a r g e s  f o r  a n  o p e r a t i o n a l  a p p l i c a -  
t i o n  a re  i n c r e m e n t a l ,  i t  seems r e a s o n a b l e  t h a t  a p p r o p r i a t e  
o p e r a t i o n s  can  be  performed less  e x p e n s i v e l y  on t h e  s t a t i o n  
t h a n  on s e p a r a t e l y  launched  un-manned s p a c e c r a f t .  Low 
c o s t  t r a n s p o r t a t i o n  w i l l  h e l p ,  d i r e c t l y ,  as w i l l  a manned 
r e p a i r  c a p a b i l i t y .  The number of  i n s t r u m e n t s  a l r e a d y  p r e s e n t  
may p e r m i t  " l e a s i n g "  r a t h e r  t h a n  b u i l d i n g  new a p p a r a t u s  , and 
a s t r o n a u t  a s s i s t a n c e  w i l l  S i m p l i f y  c e r t a i n  d e s i g n  problems 
and t h u s  r e d u c e  development c o s t .  The p r i n c i p a l  n e g a t i v e  
f a c t o r ,  i n t e g r a t i o n  c o s t ,  may be m e t  by s t a n d a r d i z i n g  i n -  
s t r u m e n t  s p a c e c r a f t  i n t e r f a c e s .  

*We e x p e c t  b o t h  f i l m  and t e l e m e t r y  w i l l  be i m p o r t a n t  i n  
t h e  '75- '85 d e c a d e .  Appendix A summarizes t h e  a d v a n t a g e s  and 
d i s a d v a n t a g e s  of e a c h .  
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The nex t  s e c t i o n  summarizes t h e  r e c e n t  Summer S tudy  
on Space  A p p l i c a t i o n s  and shows t h a t  a r e a s o n a b l e  p o r t i o n  o f  
p roposed  a p p l i c a t i o n s  could i n  p r i n c i p l e  be accommodated on a 
manned s p a c e  s t a t i o n ;  i t  i s  b e l i e v e d  t h a t  many o f  t h e  r e s t  
c o u l d  be  f r u i t f u l l y  s e r v i c e d  by i t .  

V.  SUMMARY OF POTENTIAL EARTH APPLICATIONS: CONSISTENCY WITH 
THE WINTER STUDY PROGRAM 

A .  G e n e r a l :  Summer Study 

The b r i e f i n g  and s e m i n a r s  h e l d  i n  Woods Hole from 
J u l y  31 t o  August 3 ,  1968 summed up two y e a r s  o f  work by a 
C e n t r a l  Review Committee and t w e l v e  t e c h n i c a l  p a n e l s  o f  t h e  
N a t i o n a l  Academy o f  S c i e n c e s .  The p u r p o s e  o f  t h e  s t u d y  was 
t o  a d v i s e  NASA i n  t h e  a r e a  of s p a c e  a p p l i c a t i o n s .  
o f  e x p e r i e n c e d  businessmen was added i n  1968 t o  assess t h e  ex- 
p e c t e d  b e n e f i t s .  

A p a n e l  

The 1967 Summer S tudy  I n t e r i m  Report  c o n c l u s i o n s  
s t a t ed  tha t  " u s e f u l  a p p l i c a t i o n s  of  s p a c e  are  u n q u e s t i o n a b l y  
r e a l ,  s u b s t a n t i a l ,  and p s t e n t i a l l y  c l o s e  a t  hand ... t h e  s p a c e  
program has broken  t h e  p l a u s i b i l i t y  b a r r i e r . "  (Vol. I ,  p . 3 )  

T a b l e  I i n  t h i s  s e c t i o n  enumera tes  by  d i s c i p l i n e  
t h e  p o t e n t i a l  a p p l i c a t i o n s  c o n s i d e r e d  by t h e  Summer S t u d y .  It 
g i v e s  a good idea of  t h e  s i z e  and p o t e n t i a l .  S u b - s e c t i o n  B 
summarizes t h i s  t ab l e ;  s u b - s e c t i o n  C c o n t a i n s  summary remarks 
on t o t a l  b e n e f i t s  es t imated.  S u b - s e c t i o n  D summarizes t h e  d i s -  
t r i b u t i o n  of a p p l i c a t i o n s  by  o r b i t ,  and t h u s  t h e  r e q u i r e m e n t s  
which t h e  "Winter  Study" program must s a t i s f y .  

For t h i s  pape r ,  i t  i s  o u t - o f - p l a c e  t o  c r i t i c i z e  t h e  
p o t e n t i a l  o f  t h e  i n d i v i d u a l  a p p l i c a t i o n s ;  t h e  Summer S tudy  has 
done s o ,  and i n  most c a s e s  t h e  p r a c t i c a l i t y  now res t s  on t h e  
r e s u l t s  o f  e x p e r i m e n t s .  

B.  P o t e n t i a l  A p p l i c a t i o n s  

T h i s  s e c t i o n  r e v i e w s  c e r t a i n  w e l l - d e f i n e d  p o s s i b i l -  
i t i e s  f o r  o b t a i n i n g  " b e n e f i t s "  f rom e a r t h  o r b i t i n g  s a t e l l i t e s .  
A t t e n t i o n  i s  f o c u s e d  on T a b l e  I ,  which i s  an  a t t e m p t  a t  h igh -  
l i g h t i n g  t h e  Woods Hole Summer S t u d y ,  1968.  The h o r i z o n t a l  
p o r t i o n s  of  t h e  t a b l e  a r e  addressed t o  d i s c i p l i n e  areas t h a t  
were s t u d i e d  by p a n e l s  o f  s c i e n t i s t s ,  such  as me teo ro logy ,  
g e o l o g y ,  o r  communicat ions.  The v e r t i c a l  d i v i s i o n s  d i v i d e  t h e  
d i s c i p l i n a r y  areas i n  user  n e e d s ,  sys tem r e q u i r e m e n t s  f o  f i l l  
t h e  n e e d s ,  s y s t e m s  c o s t s  f o r  an  unmanned program o v e r  a seven-  
y e a r  p e r i o d ,  p r e c u r s o r s  and r e a d i n e s s  t i m e  f o r  s p a c e  s y s t e m s ,  
b e n e f i t s ,  and comments. The column i d e n t i f i e d  as sys t ems  c o s t s  
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i s  based on t h e  work of  t h e  p a n e l  on Economic A n a l y s i s  of t h e  
1968 Summer S tudy .  It e s t i m a t e s  a t o t a l  c o s t  of t h e  E a r t h  
A p p l i c a t i o n s  Program as here p o r t r a y e d  of  about  $ 1 . 4  b i l l i o n ,  
o v e r  a seven-year  p e r i o d ,  or $200 m i l l i o n  p e r  year .*  

I n  t h e  f o l l o w i n g ,  w e  w i l l  d i s c u s s  some examples  o f  
a p p l i c a t i o n s  s e t  f o r t h  i n  T a b l e  I .  

I n  meteoro logy ,  s h o r t  and l o n g  r a n g e  weather f o r e -  
c a s t s  u s i n g  s a t e l l i t e  d a t a  are g e n e r a l l y  a c c e p t e d  as d e s i r a b l e  
and o b t a i n a b l e  b e n e f i t s ,  some of  which have i n d e e d  ma te r i a l i zed  
a l r e a d y .  Numerous weather-dependent  u s e r s  a r e  e x i s t e n t  now. 
Meteorology i s  t h e  o n l y  u s e r  area i d e n t i f i e d  t h a t  has funded  
l a u n c h  v e h i c l e s  and s p a c e c r a f t ,  t r a c k i n g  and ground ne tworks ,  
t o t a l l i n g  abou t  $100  m i l l i o n  p r o j e c t e d  o v e r  a seven-year  i n -  
t e r v a l .  COMSAT ( n o t  shown i n  Tab le  I )  i s  of c o u r s e  o p e r a t i o n a l ,  
and o t h e r ,  though n o t  i d e n t i f i e d ,  funded  programs e x i s t  i n  
communicat ions,  and s t u d i e s  a re  underway i n  n a v i g a t i o n  and 
t r a f f i c  c o n t r o l  u s i n g  ATS s y s t e m s .  

Meteorology i s  one u s e r  area t h a t  has f i r m  r e q u i r e -  
ments  f o r  c o n t i n u o u s ,  g l o b a l  cove rage  from a n  i n t e g r a t e d  s y s -  
t e m  of  p o l a r  and  geosynchronous s a t e l l i t e s .  Four  geosynchronous  
s a t e l l i t e s  a re  r e q u i r e d  a t  any one t i m e  because  of  t h e  l i m i t e d  
g l o b a l  cove rage  a v a i l a b l e  by any one sys t em.  I n  c o n t r a s t ,  
o n l y  one p o l a r  o r b i t e r  i s  r e q u i r e d  a t  any one t i m e .  

I n  oceanography,  c o n c r e t e  areas  a re  sea i c e  s u r v e y  
from s p a c e ,  sea s t a t e  survey  and t r a f f i c  r o u t i n g ,  c o a s t a l  s u r -  
vey ,  and f i s h  s c o u t i n g .  A i r c r a f t  a re  b e i n g  used f o r  t h e s e  
tasks  t o  d a t e ,  some a t  f o r m i d a b l e  e x p e n s e .  The USCG sea i c e  
s u r v e y ,  for example,  c o s t s  $2,00O/hour f o r  one C-130 a i r c r a f t ,  
which adds  up t o  m i l l i o n s  of  d o l l a r s  p e r  y e a r .  F i s h  s p o t t e r  
p l a n e s  are used  by a l l  f i s h i n g  c o n c e r n s ,  depending  l a r g e l y  
on t h e  human eye  as a s e n s o r .  

Oceanography a l s o  r e q u i r e s  p o l a r  and geosynchronous  
s y s t e m s .  Two geosynchronous sys t ems  and one p o l a r  s y s t e m  are 
i n  o r b i t  a t  any t ime.  The geosynchronous  s a t e l l i t e s  are  o v e r  
t h e  A t l a n t i c  and P a c i f i c  Oceans.  S e n s o r s ,  packages ,  r e s o l u t i o n  
r e q u i r e m e n t s ,  and o r b i t a l  a l t i t u d e s  f o r  t h e  p o l a r  s a t e l l i t e s  
are d i f f e r e n t  f rom t h e  m e t e o r o l o g i c a l  s a t e l l i t e s ,  even  though  
t h e  Summer S tudy  s p e c i f i e s  on ly  vague ly  " s e v e r a l  1 0 0  m i l e s "  as 
d e s i r a b l e .  

*The Summer S tudy  recommendat ions c o n c e r n i n g  t h e  NASA 
A p p l i c a t i o n s  budget  s t a t e s  t h a t  , "The l e v e l  ( 1 0 0  m i l l i o n  
d o l l a r / y e a r )  s h o u l d  be i n c r e a s e d  between 2 and 3 t imes.  I1  
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I n  hydro logy ,  f r e s h  water i n v e n t o r y  a n d , s n o w  s u r v e y  
have been  c a r r i e d  o u t  by ground work and a i r c r a f t .  Some s a l t  
water i n t r u s i o n  and p o l l u t i o n  s t u d i e s  f rom a i r c r a f t  have been 
c a r r i e d  o u t ,  bu t  no programs of  n a t i o n a l  c h a r a c t e r  a re  known 
as i n  me teo ro logy  or oceanography.  P o s s i b i l i t i e s  e x i s t  i n  
m o n i t o r i n g  t h e  n a t i o n a l  r e s o u r c e ,  water;  i n  u n d e r s t a n d i n g  i t s  
dynamics,  measur ing  f l o w ,  and i d e n t i f y i n g  mix ing  and p o l l u t i o n  
p r o c e s s e s  and r a t e s .  

Again,  geosynchronous and p o l a r  s a t e l l i t e s  a re  p ro -  
j . e c t e d .  One geosynchronous s a t e l l i t e  ( c o n t i n e n t i a 1  Un i t ed  
S t a t e s )  and one p o l a r  s a t e l l i t e  w i l l  be i n  o r b i t  a t  a l l  t imes .  

I n  a g r i c u l t u r e ,  c o n c r e t e  p o s s i b i l i t i e s  a re  c r o p  cen- 
s u s  t a k i n g ,  y i e l d  f o r e c a s t ,  and a r e a  c r o p  s t a t u s  m o n i t o r i n g  
( d r o u g h t ,  d i s e a s e ) .  A l l  o f  t h e s e  i tems have been done or a r e  
b e i n g  done r o u t i n e l y  by less r e l i a b l e  means t h a n  p o s s i b l e  f rom 
s p a c e .  They r e q u i r e  h igh  r e s o l u t i o n  ( low a l t i t u d e  s a t e l l i t e  
or a i r c r a f t )  o b s e r v a t i o n s .  

A g r i c u l t u r e ,  f o r e s t r y  and geodesy  r e q u i r e  one p o l a r  
o r b i t e r  a t  a l l  t i m e s .  

Ca r tog raphy  o f f e r s  a c o n c r e t e  g o a l  of  hav ing  a v a i l -  
ab le  f o r  once ,  upda ted  and comple t e  maps o f  any area i n  t h e  
w o r l d .  T h i s  i s  a p r e r e q u i s i t e  f o r  t h e  u s e f u l  a p p l i c a t i o n  of  
s e n s o r s  t o  o t h e r  e a r t h  r e s o u r c e s  d i s c i p l i n e s .  

Even though  no s a t e l l i t e  r e q u i r e m e n t s  a re  se t  f o r t h ,  
c a r t o g r a p h y  w i l l  p robab ly  r e q u i r e  a t  l e a s t  one p o l a r  s y s t e m  
f o r  a f o u r - y e a r  p e r i o d ,  w i t h  one backup.  

Geode t i c  space  a p p l i c a t i o n s  w i l l  b r i n g  one a c c u r a t e  
ne twork  c o v e r i n g  t h e  world i n s t e a d  of s e v e r a l  i n c o m p l e t e  ones  
t h a t  are  i n  u s e  now. The inadequacy  of  t h e  p r e s e n t  ne tworks  
i s  a p p a r e n t  a t  t h e  c o n c l u s i o n  o f  e v e r y  major  s p a c e  l a u n c h  when 
NASA, m i l i t a r y ,  and t r a c k i n g  data  d i s a g r e e  t o  t h e  e x t e n t  of  
s e v e r a l  mi l e s  as t o  t h e  impact  p o i n t  of  a s p a c e c r a f t .  

G e o d e t i c  s a t e l l i t e s  p r o j e c t e d  i n c l u d e  one low i n -  
c l i n a t i o n  and t h r e e  p o l a r  o r b i t e r s  ( g e o d e t i c  p rogram) ,  and 
one more low i n c l i n a t i o n  and p o l a r  o r b i t e r  f o r  g r a v i t y  f i e l d  
s t u d i e s .  

G e o l o g i c a l  a p p l i c a t i o n s  l i e  i n  t h e  areas o f  d i s a s -  
t e r  m o n i t o r i n g  and l o c a t i n g  o r e  b o d i e s  by s p a c e  mapping. D i s -  
a s t e r  m o n i t o r i n g  r e q u i r e s  r e l a t i v e l y  s i m p l e  sys t ems  w i t h  a 
small number of v a r i a b l e s ,  such  as t e m p e r a t u r e  for vo lcan i sm.  
I n c r e a s i n g  t h e  p r o b a b i l i t y  of l o c a t i n g  o r e  b o d i e s  by  s p a c e  
mapping i s  p o s s i b l e  due  t o  t h e  s y n o p t i c  view a f f o r d e d  u s  i n  
large c o v e r a g e  p h o t o s  and due t o  t h e  f a c t  t h a t  o r e  b o d i e s  t e n d  
t o  be connec ted  w i t h  l a r g e  s t r u c t u r e s  which are  o f t e n  c a l l e d  
g u i d e s  t o  o r e .  
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G e o l o g i c a l  s a t e l l i t e  a p p l i c a t i o n s  f o r  th,e seven-  
y e a r  p e r i o d  p r o j e c t e d  a r e  s l i m ;  th ree  l a u n c h e s  of  p o l a r  o r b i -  
t e r s  w i t h  one-year  l i f e t i m e  a p p e a r  a d e q u a t e .  I n  a d d i t i o n ,  a 
v i g o r o u s  a t r c r a f t  program o v e r  t h e  w e s t e r n  hemisphere  u s i n g  
s i d e l o o k i n g  radar s e n s o r s  i s  p r o j e c t e d  t h a t  w i l l  t i e  i n  w i t h  
s p a c e  photography or imagery.  

Concre t e  communications a p p l i c a t i o n s  are  p o i n t - t o -  
p o i n t ,  p o i n t s - t o - p o i n t ,  and b r o a d c a s t i n g  s a t e l l i t e s ,  w i t h  t h e  
ne tworks  b e i n g  a p p l i e d  t o  more and more s e l e c t e d  g r o u p s .  

The s t u d y  p r o j e c t s  f o u r  s i m u l t a n e o u s l y  l aunched  
data  c o l l e c t i o n  r e l a y  s a t e l l i t e s  (DCRS), w i t h  a 4-5 y e a r  l i f e -  
t i m e .  O t h e r  c o n f i g u r a t i o n s  c a l l  f o r  t h r e e  geosynchronous  space-  
c r a f t  and two sun-synchronous p o l a r  o r b i t e r s ,  t o  p r o v i d e  f u l l  
cove rage  o f  t h e  e a r t h .  

It  i s  of  i n t e r e s t  t o  sum up t h e  i n t e r e s t i n g  a r r a y  
of geosynchronous  and p o l a r  hardware t h a t  t h e  NAS Summer S tudy 
p r o j e c t e d  would be  p r o c u r e d ,  l aunched  or i n  t h e  s tand-by  
mode d u r i n g  a f o u r - y e a r  ope ra t . i ona1  p e r i o d  of  an  unmanned 
s p a c e  a p p l i c a t i o n s  program a t  a s p e n d i n g  l e v e l  o f  abou t  
$200  m i l l i o n / y e a r .  All i n  a l l ,  59 l a u n c h  sys t ems  would be 
p r o c u r e d .  

T h i s  i s  no t  a "proposed  program,"  b u t  r a t h e r  a 
h y p o t h e t i c a l  c a s e  r e p r e s e n t a t i v e  o f  t h e  o r h i t a l  cove rage  re -  
q u i r e d  and t h e  scope  of t h e  r e q u i r e d  s p a c e  hardware. A 
p r a c t i c a l  program (as  c u r r e n t l y  p l anned  by NASA) would b o t h  
e x p l o i t  commonality and a c h i e v e  b e t t e r  s a t e l l i t e  l i f e t i m e s .  
N e v e r t h e l e s s ,  t h e  Summer S tudy  f e l t  i t s  program was approp-  
r i a t e  i n  c o s t .  Even w i t h  commonality,  i t s  p r i c e  t a g  would 
approach  a b i l l i o n  dollars. I n  t h e  l a t e r  7 0 ' s  a n  inves tmen t  
f o r  E a r t h  a p p l i c a t i o n s  o f  t h i s  magni tude  i s  n o t  b a d l y  o u t  of  
s c a l e  w i t h  t h e  development c o s t s  of a l a r g e ,  manned s p a c e  
s t a t i o n  program. 

C .  D o l l a r  B e n e f i t  

A number of a t t e m p t s  have  been  made t o  es t imate  world-  
wide or d o m e s t i c  " d o l l a r  b e n e f i t s "  f rom a v i g o r o u s  s p a c e  
a p p l i c a t i o n s  program. Table  I1 l i s t s  es t imates  made by TRW, 
t h e  1 9 6 7  NAS Summer S tudy,  t h e  1968 NAS Summer S t u d y ,  and t h e  
r e s u l t s  o f  f i v e  c a s e  s t u d i e s  made b y  P l a n n i n g  Resea rch  Corp. 
The reader  i s  warned a g a i n s t  making a c u r s o r y  comparison o f  
t h e  r e s u l t s  of t h e  d i f f e r e n t  s t u d i e s  because  i t  i s  n e c e s s a r y  
t o  know t h e  d e t a i l s  o f  e a c h  s t u d y  b e f o r e  a u s e f u l  comparison 
can  be made. For e x a m p l e  under  "geology (mined r e s o u r c e s ) "  
t h e  1 9 6 7  NAS Summer Study f i g u r e  i s  an  estimate o f  t h e  b e n e f i t  
d e r i v e d  from t h e  u s e  of good up- to-da te  g e o l o g i c a l  maps such  
as c o u l d  be produced  from s p a c e  sys t ems .  The 1968 NAS 
Summer S tudy  f i g u r e  on t h e  o t h e r  hand i s  a s a v i n g s  i n  t h e  c o s t  
of p r o d u c i n g  t h e  maps, compared t o  c o n v e n t i o n a l  means, and 
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d o e s  n o t  i n c l u d e  t h e  g r e a t e r  b e n e f i t  o b t a i n e d  from t h e  u s e  
o f  t h e  maps. Also, t h e  d o l l a r  f i g u r e s  g i v e n  by t h e  P l a n n i n g  
Resea rch  Corp. a r e  b e n e f i t s  d e r i v e d  o v e r  20  y e a r s . d i s c o u n t e d  
t o  1970. The PRC a n n u a l  b e n e f i t s  would be l ess  t h a n  "ave rage"  
i n  t h e  e a r l y  y e a r s  and g r e a t e r  i n  l a t e r  yea r s .  

I n  summary, t h e  es t imates  do v a r y  w i d e l y ,  b u t  
a p p e a r  t o  be on t h e  oxader of a b i l l i o n  d o l l a r s  a y e a r .  

A r e a s o n a b l y  t y p i c a l  s e t  of  q u a l i f y i n g  remarks  - 
and a s t a r t l i n g  e s t i m a t e  o f  b e n e f i t !  - i s  g i v e n  b y  Thompson 
(B-91, d i s c u s s i n g  t h e  World Weather Watch: 

"As was a n t i c i p a t e d  a t  t h e  b e g i n n i n g  of  t h e  i n v e s -  
t i g a t i o n ,  many o f  t he  b e n e f i t s  - a l t h o u g h  e v i d e n t l y  
v e r y  l a r g e  - a r e  f o r  t h e  p r e s e n t  o n l y  q u a l i t a t i v e l y  
a p p a r e n t .  O f  t h o s e  t h a t  a re  c a p a b l e  of  q u a n t i t a t i v e  
a s s e s s m e n t ,  some are e x p r e s s e d  i n  non-monetary t e r m s  
( s a v i n g  i n  human l i f e  and h e a l t h ,  f o r  example ) ,  
w h i l e  o t h e r s  are  compl i ca t ed  by t h e  p r o b a b l e  e x i s -  
t e n c e  of  s econdary  s i d e - e f f e c t s  which may p a r t i a l l y  
or whol ly  o f f s e t  t h e  p r imary  g a i n s .  

" N e v e r t h e l e s s ,  it seems c l e a r  t h a t  t h e  overwhelming 
e v i d e n c e  p o i n t s  t o  t h e  a t t a i n m e n t  of s i g n i f i c a n t  
b e n e f i t s ,  g r e a t l y  exceed ing  t h e  c o s t  of implement ing  
t h e  World Weather Watch. A r e c e n t  s t u d y  of a proposed  
weather s a t e l l i t e  sys tem ( r e f e r e n c e  D - 4 )  r e a c h e d  t h e  
c o n c l u s i o n  t h a t  t h e  a n n u a l  p o t e n t i a l  b e n e f i t s  of t h a t  
sys t em t o  t h e  world would exceed  $16 b i l l i o n ,  abou t  
50 t imes  i t s  e s t i m a t e d  y e a r l y  c o s t . "  

D .  C o n s i s t e n c y  With t h e  Winter  S tudy  Program 

The Space  A p p l i c a t i o n s  Summer S tudy  dea ls  w i t h  t h e  
n e x t  s i x  y e a r s .  We assume, a r b i t r a r i l y ,  t h a t  t h e  s a t e l l i t e  
c o v e r a g e  w i l l  be  comparable  i n  t h e  m i d  t o  l a t e  T O ' S ,  t h a t  i s ,  
t h a t  t h e  s u c c e s s o r  programs i n  t h e  '75- '85  t i m e  w i l l  have 
s i m i l a r  o r b i t a l  r e q u i r e m e n t s .  
O r b i t s  

Choice o f  o r b i t s  i s  set  by f a c t o r s  such  as ground 
c o v e r a g e ,  s p a t i a l  r e s o l u t i o n ,  o b s e r v a t i o n  f r e q u e n c y ,  and i l l u -  
m i n a t i o n .  Geodesy i s  a s p e c i a l  example,  w i t h  o r b i t s  set  by 
t h e  shape  and g r a v i t a t i o n a l  p o t e n t i a l  of t h e  E a r t h .  

All o t h e r  a p p l i c a t i o n s  r e q u i r e  ground cove rage  o f  
most of t h e  E a r t h .  Th i s  leads t o  two o r b i t a l  c l a s s e s ,  h i g h  
a l t i t u d e  ( u s u a l l y  synchronous)  and low a l t i t u d e ,  h i g h  i n c l i n a -  
t i o n .  

Desire f o r  h igh  r e s o l u t i o n  o b s e r v a t i o n s  l e a d s  t o  
lower  o r b i t s .  
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O b s e r v a t i o n  f r equency  modera t e s  t h i s .  C,ontinuous 
c o v e r a g e  of a g i v e n  a r e a  i m p l i e s  synchronous  o r b i t ,  or i n -  
c r e a s i n g  numbers o f  s a t e l l i t e s  a t  lower  o r b i t s .  Twice d a i l y  
cove rage  of a g i v e n  p o i n t  ( w i t h i n  45' of t h e  s a t e l l i t e  ground 
t r a c k )  can  be  o b t a i n e d  by one s a t e l l i t e  from a l t i t u d e s  above 
abou t  600  n a u t i c a l  miles .  

Requi rements  for c o n s t a n t  i l l u m i n a t i o n  l e a d  t o  sun  
synchronous  o r b i t s .  S o l a r  i n c i d e n c e  a n g l e  depends  on l a t i t u d e  
and s e a s o n .  These o r b i t s  do c o v e r  most of  t h e  e a r t h  a t  
c o n s t a n t  t i m e ,  however.  T y p i c a l  " r e q u i r e m e n t s "  are for 0 9 0 0 ,  
noon,  and 1 5 0 0  l o c a l  t i m e .  

There a re  always c o n f l i c t s  between r e q u i r e m e n t s  
w i t h i n  t h e  d i s c i p l i n e s ,  t h e  o b s e r v a b l e s  h a v i n g  s u b s t a n t i a l  
r a n g e s  of s i z e s  and o b s e r v a t i o n  f r e q u e n c i e s .  The r e s u l t i n g  
sys t em i s  a compromise. 

Commonality Approach 

The Sumrer Study ' 6 8  (A-1, p .  1 2 - 9 )  p o s t u l a t e d  a 
s a t e l l i t e  sys t em u s i n g  common hardware. Tab le  III shows t h e  
o r b i t a l  p o s i t i o n s  occup ied .  

TABLE I11 

POLAR 
GEOSYN- 

CHRONOUS 
LOW IN- 

C L  I NAT I ON 
NO. NO. - (ALT. ) LOCAL TIME - 

METEOROLOGY ONE ( 6 0 ONM) 1200 HRS. FOUR 

NO. - 

THREE (LOW) 0 9 0 0 , 1 2 0 0 ,  FOUR OTHER 
D I S C I P L I N E S  1500 H R S .  

GEODESY ONE ONE 

Meteorology i s  g i v e n  a s e p a r a t e  sys t em because  o f  "unique"  
r e q u i r e m e n t s  which a re  n o t  s p e l l e d  o u t .  One "unique"  r e q u i r e -  
ment may be comple t e  d a i l y  cove rage  o f  c l o u d  imagery ,  r e q u i r i n g  
t h e  p o l a r  s a t e l l i t e  t o  have  a h i g h e r  a l t i t u d e  t h a n  d e s i r a b l e  
f o r  o t h e r  d i s c i p l i n e s .  The s e p a r a t e  geosynchronous  f a m i l i e s  
p r o b a b l y  do n o t  have  unique  r e q u i r e m e n t s .  The t h r e e  p o l a r  
s a t e l l i t e s  f o r  non-me teo ro log ica l  d i s c i p l i n e s  a re  sunsynchron-  
ous  and phased  a t  t h r e e  hour  i n t e r v a l s  (0900, 1 2 0 0 ,  and 1 5 0 0  
l o c a l  t i m e ) .  
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The o c c u p a t i o n  of  o r b i t a l  p o s i t i o n s  c o u l d  be e x p e c t e d  
t o  grow, g i v i n g  more con t inuous  cove rage  from low ' o r b i t s .  The 
a c t u a l  number of  d e s i r a b l e  geosynchronous  p o s i t i o n s  p r o b a b l y  
d o e s  n o t  exceed  f o u r ;  t h e  number of  s a t e l l i t e s  i s  a l r eady  l a r g e r .  

E .  Model f o r  t h e  Winter S tudy  Program 

The Winter  Study g u i d e l i n e s  p o s t u l a t e  s t a t i o n s  i n  
a t  l ea s t  t h r e e  o r b i t s  ( low a l t i t u d e ,  a t  low and h i g h  i n c l i n a -  
t i o n ,  and s y n c h r o n o u s ) .  

The p o s t u l a t e d  E a r t h  A p p l i c a t i o n s  program of  T a b l e  
I11 i s  a r e a s o n a b l e  one which w i l l  p r o v i d e  t h e  minimum cover -  
a g e .  Manned s t a t i o n s  could  n o t  p r o f i t a b l y  r e p l a c e  a l l  of  t h e  
r e q u i r e d  s a t e l l i t e s .  The 6 0 0  n a u t i c a l  m i l e  a l t i t u d e  i s  i n  t h e  
r a d i a t i o n  b e l t s  and t h e  g e o d e t i c  s a t e l l i t e  f o r  g r a v i m e t r i c  
geodesy  must b e  un -pe r tu rbed .  A manned s t a t i o n  i n  h i g h  i n c l i n a -  
t i o n  o r b i t ,  and a manned s t a t i o n  i n  geosynchronous  o r b i t  c o u l d  
form a p a r t  o f  t h e  r e q u i r e d  sys t em,  and t h e  a d v a n t a g e s  of t h e  
manned sys t em cou ld  be r e a l i z e d .  

Pending f u r t h e r  a n a l y s i s ,  i t  seems advan tageous  t o  
have  t h e  low a l t i t u d e  manned s t a t i o n  NOT sun-synchronous .  It  
would t h e n  d r i f t  t h rough  t h e  i l l u m i n a t i o n  and ground cove rage  
r e q u i r e m e n t s  o f  most a p p l i c a t i o n s .  T h i s  would p e r m i t  deve lop -  
ment t e s t i n g  o f  v a r i o u s  s y s t e m s .  O p e r a t i o n a l  a p p l i c a t i o n s  re- 
q u i r i n g  a modest f r equency  of  o b s e r v a t i o n s  ( l e s s  t h a n  weekly)  
c o u l d  b e  accommodated. T h i s  s h o u l d  i n c l u d e  most a g r i c u l t u r a l ,  
c a r t o g r a p h i c ,  and g e o l o g i c a l  a p p l i c a t i o n s .  

A p p l i c a t i o n s  r e q u i r i n g  low a l t i t u d e  s y n o p t i c  
cove rage  r e q u i r e ,  a p r i o r i ,  many s a t e l l i t e s  and are l e s s  
s u i t e d  t o  manned s p a c e c r a f t .  

V I .  SOME C R I T E R I A  FOR AN EFFECTIVE MANNED PROGRAM 

T h i s  s e c t i o n  summarizes some c r i t e r i a ,  s t a t e d  as 
q u e s t i o n s ,  which must be  met i f  manned s p a c e  f l i g h t ,  on t h e  
s c a l e  o f  t h e  Win te r  S tudy ,  i s  t o  be " u s e f u l "  i n  E a r t h  
A p p l i c a t i o n s .  The v a l i d i t y  of  t h e  g u i d e l i n e s  i s  c r i t i c a l ,  
here ,  b u t  i s  n o t  a d d r e s s e d .  

1. W i l l  space-main tenance ,  data  a s s u r a n c e ,  t e c h -  
nology be far  enough advanced ,  by t h e  mid 7 0 ' s  
t o  p e r m i t  e f f i c i e n t  d e s i g n  o f  " o p e r a t i o n a l "  
a p p l i c a t i o n  i n s t r u m e n t s  f o r  u s e  on manned space-  
c r a f t ?  

2 .  Can s u f f i c i e n t l y  c l e a n  o r g a n i z a t i o n a l  and m e -  
c h a n i c a l  i n t e r f a c e s  b e  p r e s e n t e d  t o  t h e  " u s e r "  
s o  t h a t  he  w i l l  f i n d  t h e  s p a c e  s t a t i o n  a n  
a t t r a c t i v e ,  e a s y  c a r r i e r  t o  work w i t h ?  
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A l t e r n a t e l y ,  can t h e  c o s t s  ( e f f o r t )  or i n , s t r u -  
ment i n t e g r a t i o n  and q u a l i f i c a t i o n  be r educed  
from AAP l e v e l s ?  It  i s  advan tageous  t o  l e t  
i n - f l i g h t  "shakedown" r e p l a c e  some ground t e s t -  
i n g ?  

Can t h e  s p a c e  s t a t i o n  r e spond  q u i c k l y  t o  t h e  
u s e r ' s  s c h e d u l e ?  

From a n  o v e r a l l  NASA view (and  t h e  u s e r ' s ! )  w i l l  
i t  b e  l e s s  c o s t l y  t o  u s e  t h e  s p a c e  s t a t i o n  t h a n  
a c a r r i e r ?  

W i l l  o r b i t  change c a p a b i l i t y  be  such  t h a t  t h e  s p a c e  
s t a t i o n  i s  t h e  f o c u s  f o r  t h e  r e p a i r  o f  s a t e l l i t e s ?  
Or w i l l  low c o s t  t r a n s p o r t a t i o n  from t h e  ground 
be more i m p o r t a n t ?  

V I I .  CONCLUSIONS 

Under t h e  assumpt ion  of a s u b s t a n t i a l  manned E a r t h -  
o r b i t a l  program we have examined t h e  u s e s  o f  man and manned 
s p a c e  programs t o  suppor t  " o p e r a t i o n a l "  E a r t h  A p p l i c a t i o n s .  
The N a t i o n a l  Academy summer s t u d y  was h i g h l y  e n t h u s i a s t i c  
abou t  t h e  b e n e f i t s  o b t a i n a b l e  from o r b i t a l  f l i g h t ;  f o r  t h e  
n e a r  t e r m ,  t h e y  found t h e  manned program u n n e c e s s a r y .  I n  t h e  
l a t e  s e v e n t i e s ,  w i t h  low c o s t  t r a n s p o r t a t i o n  t o  o r b i t ,  i t  
a p p e a r s  t h a t  p o r t i o n s  of  t h e  i n s t r u m e n t  development program 
may f r u i t f u l l y  be  c a r r i e d  on i n  o r b i t .  Large  c a p a b l e  s t a t i o n s  
a p p e a r  a u s e f u l  i n g r e d i e n t ,  w i t h  au tomated  s a t e l l i t e s ,  i n  an  
o p e r a t i o n a l  program, p a r t i c u l a r l y  i n s o f a r  as manned a s s i s t a n c e  
and r e p a i r  can  b e  u t i l i z e d  t o  e x t e n d  sys t em l i f e .  There  i s  
i n d i c a t i o n ,  pend ing  f u r t h e r  a n a l y s i s ,  t h a t  most a p p l i c a t i o n s  
r e q u i r i n g  r e l a t i v e l y  i n f r e q u e n t  o b s e r v a t i o n s  c o u l d  be accommo- 
dated on a s i n g l e ,  h igh  i n c l i n a t i o n  s t a t i o n .  
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APPENDIX I 

Comparison o f  Re tu rned  Pho tograph ic  F i lm  and Te leme te red  Images 

Pho tographs  or images a r e  proven  t o o l s  f o r  many 
ear th  a p p l i c a t i o n s .  Photography has had a s e c u r e  p l a c e  i n  
p l a n n i n g  for e a r t h  a p p l i c a t i o n s  s p a c e  s y s t e m s .  R e c e n t l y ,  
advances  and  a n t i c i p a t e d  advances  i n  mechan ica l  and e l e c t r o n i c  
t e c h n i q u e s  have  i n d i c a t e d  t ha t  t e l e m e t e r e d  imagery may b e  more 
d e s i r a b l e  for t h e  m a j o r i t y  of  u s e r s  and competes  w i t h  f i l m  
f o r  t h e  o t h e r  u s e r s .  

However, t h e  r o u t i n e  r e t u r n  o f  f i l m  p r o v i d e s  high 
q u a l i t y ,  hard copy d a t a ,  and p r o v i d e s  data a s s u r a n c e  f o r  u s e r  
d i s c i p l i n e s  such  as geo logy ,  geography,  and c a r t o g r a p h y .  I n  
these  d i s c i p l i n e s  t h e  " t i m e  c o n s t a n t "  f rom da ta  t o  p r o d u c t  i s  
on t h e  o r d e r  o f  months ra ther  t h a n  h o u r s  o r  d a y s .  

The 1967 Summer s tudy  i n  t h e  c a r t o g r a p h i c  s e c t i o n  
( p . 4 4 )  s t a t e s ,  "With p r e s e n t  or n e a r - f u t u r e  t e c h n o l o g y ,  t h e  
u s e  o f  t e l e v i s i o n  cameras  w i t h  e l e c t r i c a l  t r a n s m i s s i o n  d o e s  
n o t  p r o v i d e  t h e  m e t r i c  q u a l i t y  r e q u i r e d  f o r  mapmaking.'' 
KO p o s i t i o n  on t h e  r equ i r emen t  f o r  c a r t o g r a p h y  was t a k e n  i n  t h e  
1968 Summer S tudy  as there  was no c a r t o g r a p h y  p a n e l .  The 
r e p o r t  o f  t h e  Geology p a n e l  s t a t e s  ( A - 1 ,  1.2-21, 

If--- h i g h e r - r e s o l u t i o n ,  capsule-dropped ,  hard f i l m  ( i n  
c o n t r a d i c t i o n  t o  t e l e m e t r y ) ,  from one or two s a t e l l i t e s  
o n l y ,  may be j u s t i f i e d  i n  t h e  s i n g u l a r  c a s e  of  geo logy . "  

The p o s i t i o n  of  t h e  Summer S tudy  i n  s u p p o r t  o f  hard 
copy f i l m  r e t u r n  h a s  s o f t e n e d .  A s  t h e  comple t e  r e p o r t s  of t h e  
1968 Summer S tudy  are not  a v a i l a b l e  as y e t ,  i t  would b e  
c o n j e c t u r a l  t o  s t a t e  t h e  r e a s o n s .  However, t h e  advances  i n  
telemetered imagery must be a s i g n i f i c a n t  f a c t o r .  A q u e s t i o n  i s  
i m p l i e d ,  w i l l  h a r d  copy f i l m  r e t u r n  be n e c e s s a r y  i n  a n  
o p e r a t i o n a l  sys tem? T h i s  q u e s t i o n  and a compar ison  of pho tographs  
and t e l e m e t e r e d  imagery i s  now addressed.  

Some a d v a n t a g e s  a n d . d i s a d v a n t a g e s  of h a r d  copy f i l m  
r e t u r n  and telemetered imagery are  l i s t e d .  

Hard F i l m  R e t u r n  

Advantages : 
1) Economical  s t o r a g e  volume 

2 )  Three  d i m e n s i o n a l  s t o r a g e  i; i m p l i c i t  i n  t h e  
e m u l s i o n .  Two d i m e n s i o n a l  c o n t r o l ' '  i s  c r i t i c a l  
f o r  c a r t o g r a p h y .  Uses of  t h e  emuls ion  d e p t h  
i n c l u d e  c o l o r  pho tography ,  u l t r a - w i d e  dynamic 
r a n g e  f i l m s  , a n d ,  i n  t h e  l a b o r a t o r y  , ho lography .  



3 )  wide dynamic range 

4) Comparatively better spatial linearity (metric 
quality) 

5) No burden on telemetry system (Particularly 
important for peak rates) 

Disadvantages : 
1) Radiation sensitive 

2) 

3) Slow return to user 

Dimensional changes in storage and development 

4) Takes up return weight and volume in returning 
spacecraft 

5 )  Unnecessary extra steps if digital processing 
is used. 

Telemetered Images 

Advantages: 
1) Quick return of data to users. 

2) Direct input if fiigital processing is to be used 

3) Acceptable linearity (metric quality) for many 
users. 

Disadvantages: 
1) Intermediate step of scanning, transmission, 

reassembly will introduce noise 

2) Extremely high bit count for telemetry 

3 )  State of art advances required in recording 
and storage devices 

4) Difficult and costly advances in state of art 
require to achieve linearity (metric quality) 
for high resolution images covering fields of 
significant size ( 1 0 ~ x 1 0 ~  picture elements) 
useful for some cartographic and geology users. 
(Size of control components increases geometrically 
as size of image tube is increased) Unsolved 
linearity problems exist in optical mechanical 
scanners. 



Summary and Conc lus ions  

Te leme t ry  sys tem can p r o v i d e  t h e  b u l k  of t h e  imagery 
r e q u i r e d  i n c l u d i n g  some u s e f u l  c a r t o g r a p h y .  Some c a r t o g r a p h i c  
and g e o l o g i c  a p p l i c a t i o n s  w i l l  p r o b a b l y  r e q u i r e  hard  copy f i l m  
r e t u r n .  A d e c i s i o n  as t o  whether  hard copy f i l m  will be 
r e q u i r e d  can  be  d e l a y c d  for 3-4 y e a r s  pending  e x p e r i e n c e  i n  
u s i n g  imagery from s p a c e .  However, i n  t h e  b r o a d e r  view of  a 
m u l t i - p u r p o s e  s p a c e  s t a t i o n ,  r e s e a r c h  r e q u i r e m e n t s  i n  ea r th  
s c i e n c e  w i l l  undoub ted ly  i n c l u d e  a r e q u i r e m e n t  for hard  copy 
f i l m  r e t u r n ,  which c o u l d  b e  used f o r  o p e r a t i o n a l  p u r p o s e s .  
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14. Engineering Research Experiments for Manned Earth Orbital 
Missions. IBM Corporation, 15 August 1965. 

Laboratory (MOL). Chicago Aerial Industries, Inc., 
Proposal No. 3201-835-1, February 1964. 

Man's Geophysical Environment--Its Study from Space, 
Environmental Science Services Administration, U. S. 
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